Reproduced  From 
Best  Available  Copy 


JPRS:  4575 
28  April  1961 


* 


BASIC  REQUIREMENTS  FOR  PLANNING  AND  CONDUCTING  OPERATIONS 
ON  THERMAL  STRENGTHENING  OF  GROUND 


-  USSR 


By  I.  M.  Litvinov 


DISTRIBUTION  statement  a 

Approved  for  Public  Release 
Distribution  Unlimited 


19990709  068 


Distributed  by: 

OFFICE  OF  TECHNICAL  SERVICES 
U.  S.  DEPARTMENT  OF  COMMERCE 
WASHINGTON  25,  D.  C. 


U.  S.  JOINT  PUBLICATIONS  RESEARCH  SERVICE 
1636  CONNECTICUT  AVE.,  N.  W. 
WASHINGTON  25,  D.  C. 


FOREWORD 

This  publication  was  prepared  under  contract 
by  the  UNITED  STATES  JOINT  PUBLICATIONS  RE¬ 
SEARCH  SERVICE 5  a  federal  government  organi¬ 
zation  established  to  service  the  translation 


and  research  needs  of  the  various  government 
departments • 


JPRS: 

CSO: 


BASIC  REQUIREMENTS  FOR  PUNNING  AND  CONDUCTING  OPERATIONS 
ON  THERMAL  STRENGTHENING  OF  GROUND 

-  USSR  - 


/Following  is  the  translation  of  the  brochure  Osnovnyye 
trebovaniya  k  proyektirovaniyu  i  proizvodstvu  rabot  po 
termicheskomu  ukrepleniyu  gruntov  (English  version  above) 
by  I.  M.  Litvinov;  State  Publishing  House  for  Literature 
on  Construction  and  Architecture  Ukrainian  SSR;  Kiev, 
1959,  pages  1-5 \xj 


TABLE  OF  CONTENTS  Page 


Foreword 

1 

General 

3 

Equipment 

h 

Planning 

ll 

Working  Procedure 

17 

Captions  to  Illustrations 

26 

Appendix  I 

30 

Appendix  II 

33 

Appendix  III 

3U 

^575 

1590-S 


-  a  - 


This  brochure  ^ets  forth  the  principai-requireJfierits  for  planning 
and  conducting  Operations  .bf  thermal  strengthening;  -of' \£bd^-like  and  • 
other  clay  grounds  which  are  porous  and  subject  to  ^sbtting  •  ,  *  ') 

It  is  written  for  engineers  and  technicians ^working  in  scientific 
research,  planning,  and  construction  organizations.  .  .  ^ 


Foreword 

Loess  grounds  subject  to  settling  are  developed  in  many  countries, 
especially  in  the  South  of  the  Soviet  Union*  The  construction  practice 
knows  many  instances  of  considerable  and  uneven  settling  of  the  founda¬ 
tions  of  buildings  and  constructions  as  a  result  of  the  compaction  of 
such  grounds  because  of  their  moistening  and  the  load.  This  brings 
about  dangerous  deformations  conducive  to  building  hazards  and  often 
leads  to  the  total  collapse  of  a  structure.  At  the  same  time,  a  great 
number  of  major  buildings  and  structures  have  already  been  erected  and 
are  now  being  erected  on  grounds  subject  to  settling. 

The  problem  of  the  reliable  strengthening  of  settling  grounds 
is  important  and  urgent,  inasmuch  as  its  solution  will  promote  construc¬ 
tion  in  the  areas  of  such  grounds  without  the  hazard  of  subsequent 
damage. 

Many  investigators  have  proposed  various  methods  of  strengthen¬ 
ing  loess  grounds.  However,  these  methods  either  do  not  meet  the 
requirements,  or  else  call  for  a  great  expenditure  of  time,  effort  and 
money. 

The  Southern  Scientific  Research  Institute  for  Industrial 
Construction  (YuZhNII),  Academy  of  Construction  and  Architecture, 
Ukrainian  SSR,  in  cooperation  with  the  "Zaporozhstroy"  Trust  of  the 
Ministry  of  Construction,  Ukrainian  SSR,  has  worked  our  thermal  and 
thermochemical  methods  of  strengthening  loess  grounds.  Their  applica¬ 
tion  fully  eliminates  the  settling  tendencies  of  grounds  and  consi¬ 
derably  strengthens  their  bearing  capacity. 

Laboratory  experiments  have  shown  that  not  only  loess  and  loess¬ 
like  loams  but  loess-like  chernozems  (humus  loams),  subjected  to  thermal 
strengthening,  become  safe  and  unyielding  foundations  for  any  construc¬ 
tion  with  their  coefficients  and  angles  of  internal  friction,  as  well 
as  their  cohesion,  considerably  increased. 

Experimental  research  on  the  verification  and  promotion  of  these 
thermal  methods  was  done  in  the  YuZNII  and  in  trusts  ,tZaporozhstroy,f’ 
"Dzerzhinskstroy,"  and  "Nikolpl * stroy1T  of  the  Ministry  of  Construction, 
Ukrainian  SSR,  by  I.  K.  Litvinov  and  Candidate  Tech.  Sc.  Ostashev,  in 
cooperation  with  N.  F.  Belyakov,  L.  A.  Gelis,  A.  K.  Linovskiy,  G.  K. 
Lubents,  V.  S.  Posyada,  N.  A.  Rusakova,  V.  P.  Chernyshev,  and  I.  D. 
Fal!kov. 
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Consultation  and  .information  on  the  application  of  thermal 
consolidation  of  settling  and  other  grounds  can  be  obtained  at  the 
Academy  of  Construction  and  Architecture,  Ukrainian  SSR  (Kiev, 
Vladimirskaya,  2 it,  Presidium  AC  and  A,  Ukrainian  SSR)  and  at  YuZhNII 
(Kharkov,  Yumovskaya,  16). 

^Mote:  Due  to  poor  photocopy,  the  figures  and  other  illustrations  of 
the  original  are  not  reproduced  herein.  The  captions  to  the 
various  figures  and  illustrations  are  contained  after  the  text, 
on  pages  26,  27,  28,  and  29. 
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GENERAL 


Thermal  methods  do  away  with'  the  settling  propensity  of  loess  and 
other  porous  clay,  grounds  and  increase  their  carrying  capacity  at  a 
depth  of  10-15  m  and  mare  below  the  foundations. 

The  application  of  thermal  methods  of  ground  consolidation  is 
technically  and  economically  efficient  in  the  following  instances: 

a)  in  consolidating  loess-like  grounds  subject  to  settling  of 
categories  two  and  three,  under  newly-erected  large  apartment  buildings 
and  industrial,  special,  and  other  constructions  which  do  not  stand 
uneven  settling  (blast  furnaces,  factory  smoke stakes  100  m  high  and 
higher,  water  towers,  various  tall  structures,  poking  plants,  steel 
foundries,  rolling  plants,  critical  technological  installations,  many- 
storied  solid  wall  and  frame  housing  and  industrial  buildings,  etc); 

b)  in  eliminating  further  damage  to  buildings  already  affected 
by  intensively  developing  uneven  settling; 

c)  to  combat  landslides,  and  in  a  number  of  other  instances. 

Thermal  consolidation  of  ground  can  be  achieved  in  two  ways: 

First  method  (proposed  by  N.  A.  Ostashev)  is  to  pump  into  the 

ground  through  heat  resisting  pipes  and  wells  compressed  air  previously 
heated  to  600-800°C  in  special  stationary  or.  portable  heating  units. 

This  method  may  prove  to  be  effective  in  areas  of  operating  plants 
where  it  is  possible  to  utilize  the  vented  hot  gases  with  temperatures 
not  lower  than  500OC,  or  else  where  the  second  method  is  impractical 
because  of  the  local  conditions  of  installing  firing  chambers  and  jets 
necessary  for  its  operation. 

This  brochure  sets  forth  the  conditions  for  planning  and  opera¬ 
ting  the  second  method  of  ground  consolidation., 

Second  method  (proposed  by  I.  M.  Litvinov,  F.  A.  Belikov  and 
P.  K.  Cherkasov)  is based  on  a  thermal  and  thermochemical  processing  of 
grounds  by  hot  gaseous  combustion  products  enriched  when  necessary  by 
special  chemicals  (thermochemical  .method).  Fuel  (gaseous,  liquid, or 
solid)  is  burned  directly  in  the  ground  or  else  at  well  heads,  with  the 
chemical  composition  of  the  combustion  products,  regulated  by  an  addi¬ 
tion  of  proper  chemicals.  As  a  result  of  the  ground’s  reaction  with  hot 
products  of  combustion  (solid,  liquid,  or  gaseous),  either  during  the 
operation  or  after  it,  a  consolidation  of  the  ground  is  achieved; 
thermal,  thermochemical,  or  a  combination  of  the  two. 

The  possibility  of  regulating  the  temperature  of  this  process  by 
varying  the  volume  of  air  for  one  kilogram  of  fuel  or  one  cubic  meter 
of  fuel  gas,  along  with  the  wide  temperature  range  thus  obtained  (up 
to  2000°C),  renders  this  method  applicable  not. only  in  consolidating 
loess-like  grounds  of  considerable  thickness  but  for  other  construction 
purposes  requiring  a  fusing  of • the  ground. 

To  intensify  the  penetration  of  hot  air.  into  the  ground,  a 
pressure  head  must'  be  maintained  by  pumping  compressed  cold  air  into 
injection  wells.  A  higher  pressure  head  sharply  increases  the  effici¬ 
ency  of  the  thermal  process,  both  technically  and  economically.  The 


The  main  prerequisite  for  such  a  high  pressure  hfead  is  an  airtight 
well-head  and  a  permeability  reduction  in  the  upper  ground  zone i 

The  maximum  temperature  of  the  dombustion  products  in  the  well 
should  not  exceed  the  fusing  temperature  of  the  ground.  The  fuel 
expenditure  per  unit  of  time  is  established  depending  on  permeability 
of  the  ground  for  gas* 

This  method  calls  for  a  less  complicated  equipment  and  is  less 
laborious  than  the  first  one,  which  considerably  broadens  the  field  of 
its  application. 

Various  gaseous,  liquid,  and  solid  fuels  can  be  used  in  this 
process.  Fig  2  illustrates  a  ground  consolidating  installation  by 
thermal  method,  operating  on  liquid  fuel,  A  similar  installation  is 
used  for  gas  fuel. 

The  use  of  gas  fuel  considerably  facilitates  the  firing  and  warm¬ 
ing  up  of  the  injection  well;  it  produces  a  more  evert  heating  of  its 
walls,  and  consequently  of  the  formation;  it  simplifies  the  temperature 
regulation,  thus  creating  conditions  more  favorable  for  preventing  the 
walls  from  fusing;  and  it  considerably  cuts  the  operating  costs. 

The  fuel  burns  either  at  the  well-head  or  else  directly  in  the 
formation.  The  well-head  is  made  airtight  by  a  special  shut-off  device. 

Hot  gaseous  combustion  products,  without  an  outlet,  penetrate  the 
ground  pores  and  heat  the  formation  to  the  temperature  required. 

Given  an  adequate  capacity  of  the  air  pump  maintaining  a  pressure 
head  of  0.25-0.50  atm  in  wells,  a  simultaneous  consolidating  operation 
can  be  carried  on  for  large  segments  of  the  ground. 

Heat  is  transferred  to  the  surrounding  ground  chiefly  as  the  result 
of  a  penetration  of  hot  gaseous  combustion  products  and  air  into  the 
formation  pores,  and  to  a  smaller  extent  by  heat  transfer  due  to  the 
temperature  difference  at  the  contact  between  the  heat  source  and  the 
formation. 

Loess-like  grounds  so  treated  completely  lose  their  settling 
propensities  and  no  longer  become  soft  when  wet;  their  resistance  to 
compression,  shear,  and  compaction  is  increased  many  times;  the  settling 
of  wet  grounds  under  a  load  ceases  immediately;  and  their  color  changes 
(from  pale  pastel  hues  to  brick  red). 


Equipment 

Equipment  for  thermal  consolidation  of  ground  consists  of  units 
readily  assembled  on  the  spot. 

The  following  are  used  in  operations  with  liquid  fuel: 

1)  pumping  units  for  conveying  outside  air  to  the  wells,  at  0.5 
atm  (compressors,  pipelines,  etc); 

2)  jets  for  burning  liquid  fuels  in  injection  wells; 

3)  shut-off  devices  with  combustion  chambers  at  the  well-head; 
10  a  pumping  unit,  or  one  using  compressed  air  to  convey  liquid 

fuel  to  the  well; 
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5)  a  pipeline  System  with  valves  and  pressure  gages  for  compressed 
air  (0.5-IaO  atm)  and  liqqid  fuel*  :  ,  ....... 

The .following  are  Ufeed  in  operating  with  gas  fuel  (in  gas-supplied 
areas  or  in  those  with  coke-chemical  plants  and  other  industrial  plants 
yielding  waste  fuel  gas):;  .  • 

'  ;  !)  installations  for  pumping  outside  air  into  the'  injection  wells 
at  0.5  atm  (same  as  for  liquid  fuel);  : 

2)  gas  jets  for  burning  gas  fuel  in  wells;  j>.  •' 

3)  shut-off  devices  with  combustion  chambers  ( same  as  for. liquid 

fuel);'  ... 

1*)  master  compressor  or  air  blower  for  injecting  fuel  gas  into 
wells  at  0.5-l*0atm; 

5)  a. pipeline  system  with  valves  and  gages  for  compressed  air 
(0. 5-1.6  atm)  and  fuel  gas. 

There  is  nd  need  .Tor  a  gas  compressor  in  areas  of  oil  and  gas 
fields  where  various ■ fuel  gases  are  already  stored  in  pressure  tanks 
with  reducer  valve;’.  ’ 

Equipment  uoed  id  the  thermal  consolidation  of  ground  mu?t  satis-, 
fy  the  following  basic  requirements:  --  . 

1)  the  assurance  of  a  reliable,  uninterrupted,  and  complete 
combustion  of  fuel  in  a  well  or  some  other  installation  of  a  limited 
diameter,  and  tightly  sealed  at  the  well-head  (in  both  vertical  and 
inclined  boreholes  or  in  any  other  device); 

2)  simplicity  and  speed  (not  over  15-20  min)  of  firing  up, the 
heating  installation; 

3)  reliable  uninterrupted  operation  of  the  heating  installation  ..... 
over  a  long  period  of  time; 

ii)  reliable  and  simple  control  of  the  volume  of  fuel  and  air 
expended  during  the  operation,  as  well  as  of  the  gas  temperature  in  the 
well;  '  7  •  -  4  /  .  .  ' 

5)  an  even  distribution  of  hot  gases  over  the  depth  (or  length) 
of  the  borehole ; 

6)  control  of  the  average  gas  temperature  in  the  injection  well 
to  obtain  optimum  conditions  for  the  thermal  processing  of  grounds. 

The  YuZbNII  has  designed  and  checked  under  field  conditions  the 
following  simple  equipment  for  thermal  consolidation  of  grounds,  satis¬ 
fying  all  these  requirements  (other  models  are  possible  as  long  as  .they 
satisfy  these  requirements): 

1)  jets  for  burning  liquid  and  gas  fuel  in  wells  sealed  tightly 
at  their  heads; 

2)  portable  pumping  units  for  simultaneous  pumping  of  liquid  fuel 
into  12-lU  injection  wells  and  more  or  less  adapted  for  conveying  liquid  ,  ~ 
fuels  into  the  wells  by  compressed- air; 

3)  gas  and  air  blowers  for  pumping  gas  fuel  into  wells  at  D. 5-1*0 
atm,  serving  as  compressors  when  necessary; 

U)  a  gas  tank  distributing  gas  to  the  wells; 

5)  an  air-collector -tank  distributing  Compressed  air  to  the  wells;  ,, 

6)  an  air  and  gas  meter  for  the  actually  consumed  air  and  gas;  ...  • 

7)  mechanized  equipment  for  drilling  wells;  ' 


8)  coring  devices  for  taking  samples  of  thermally  consolidated 
formations.  s 

Jet  nozzles  (Fig  3)  are  used  in  the  burning  of,  in  the  closed 
space  of  a  well,  a  definite  volume  of  liquid  fuel,  corresponding  to  the 
specific  conditions  of  thermal  consolidation. 

.Fuel  and  air  enter  the  burner  under  pressure;  the  fuel  enters 
through  its  central  tubing  which  has  a  nozzle  with  diameter  dependent 
on  the  fuel  and  its  consumption  rate;  air  enters  through  the  surrounding 
tubes.  ,  , 

A  nozzle-diameter  of  0.3  mm  is  recommended  for  diesel  oil;  the 
diameter  may  be  larger  for  heavier  fuels  and  gas.  The  rate  of  fuel 
flow  is  regulated  by  means  of  a  pumping  device  (see  below)  and  by  a 
needle  valve.  When  necessary,  the  needle  can  close  and  clean  the  nozzle 
outlet. 

In  burning  of  liquid  fuel  (oil,  residual  oil,  vat  residue,  etc. ) 
as  well  as  gas,  a  burner  is  used  where  air  is  conveyed  through  an  inner 
hollow  stem,  while  the  fuel  goes  through  an  outer  tubing  at  pressures 
of  0.6-1. 0  atm  and  then  emerges  through  an  annular  slit  concentric  to 
the  air  vent.  The  torch  is  regulated  through  control  of  the  fuel  slit 
by  means  of  a  pilot  wheel  with  a  micrometric  screw. 

In  operating  with  gas  fuel,  the  burner  illustrated  in  Fig  I4  is 
recommended. 

In  addition  to  the  air  necessary  in  burning  of  fuel,  more  air  is 
conveyed  to  the  well  (through  the  burner  and  shut-off  device);  this  air, 
upon  mixing  with  the  combustion  products,  lowers  the  temperature  in  the 
well  to  the  specified  degree. 

The  flow  of  air  necessary  in  spraying  and  burning  the  fuel,  as 
well  as  in  lowering  the  well  temperature,  is  controlled  by  the  burner’s 
valves. 

Airtight  shut-off  devices  with  combustion  chambers  may  be  of 
any  design,  provided  they  satisfy  the  following  requirements: 

1)  a  maximum  possible  sealing-off  of  the  well-head  to  prevent  an 
ascape  of  fuel  gases  and  a  drop  of  the  pressure  head  below  0.23— .50  atm; 

2)  a  convenient  firing-up  of  the  well  and  a  satisfactory  operation; 

3)  a  convenient  observation  of  the  temperature  and  pressure  of 
gas  fuel  in  the  well; 

U)  operational  safety; 

5)  simplicity  of  building  and  installation  at  a  location; 

6)  standard  equipment  obtainable  from  stores. 

One  such  shut-off  device  consists  of  two  basic  parts:  above  the 
surface,  a  lid  of  welded  steel  or  cast  iron;  below  the  surface,  a 
refractory  combustible  chamber. 

Given  below  is  the  description  of  three  approved  shut-off  models 
with  Fig  5  illustrating  a  general  view  of  the  above-ground  part  of  a  well. 

One  model  of  the  shut-off  device  is  used  for  liquid  fuel  (Fig  6). 
Welded  to  the  metal  lid  is  a  sleeve  for  attaching  the  burner,  a  pipe  with 
peephole  and  a  pressure  gauge  elbow,  and  a  tube  for  additional  air.  The 
burner  is  fixed  to  the  shut-off  by  means  of  two  wedges  which  assure  its 
rapid  installation  and  an  airtight  connection. 


The  tube  with  a  peephole  and  a  gauge  elbow  leads  directly  to  the 
combustion  chamber,  thus  affording  an  observation  of  the  burning -process 

and  the  pressure  in  the  well.  ■  _ 

In  order  . to  assure,  an. even  distribution  of  the  excess  ,ai^ coming 
from  above  so  that  it  would  not  get  too  close  to  the  flame Ibrch^and  ^ 
perchance  blow  it  out,  the  inside  of  the  lid. has  a  cone  and  a  cylinder 
Sth  an  annular  flange,  so  as  to  have  a  slit  5-7  mm  wide  between  it  and 

In  this  model  the  combustion  chamber,  is  formed  by  three  ceramic 
(refractoiy)  funnels.  The  upper  ceramic  element,  of  a  special  form _ 
(manufactured  by  the  Zaporozhye  and  other  factories),  has  a  cylindrical 
ring  on  top  for  attaching  it  to  the  metal  shut-off  lid.  The  middle  an 
lower  funnels  are  standard.,  The  upper  and  middle  funnels,  joined  y 
their  bases,  form  the  combustion  chamber.  The  lower  funnel  lengthens 
the  chamber  and  is  used  together  with  tube  9  in  conveying  additional^ 
air  essential  in  firing  Up  the  well.  The  air  flow  through  tubes  3  and  9 

is  regulated  by  valves.  •  ,  , 

During  the  operation,  -die  burner  is  attached  fast  to  the  metal 

lid  by  means  of  a  wedge  lock,  ..  ■  ,  ,  .  „Q<= 

A  second  shut-off  model  (Figs  7  and  8)  is  recommended  for  gas  fuel. 

In  operations  with  liquid  fuel,  this  simplified  model  may  be  used  only 
by  experienced, workers  who  know  how  to  fire,  up  a  well  without  lower  air. 
This  model  has  no  lower  refractory  funnel  and  no  tube  for  conveying 
excess  air  to  the  lower  element  of  the  combustion  chamber. 

A  third  model  (Fig  6)  can  be  used  in  operations  on  open  platforms 
’in  the  thermal  consolidating  of  grounds  under  new  buildingsto  be 
constructed.  This  model  consists  of  three  elements:  a  massive  past  iron 
upper  lid, a  cast  iron  combustion  chamber  with  a  stabilizing  slab,  and  a 

ceramic  facing  of  the  well-head,  • ,  ■ 

The  upper  lid  has  a  .short  conic  length  of  tubing  for  the  burner, 
a  sleeve  with  an  inside  thread  for  attaching  the  peephole  tube  with  a 
gauge  elbow,  and  a  bell  mouth  to  distribute  the  excess  compressed nir 
regulating  the  gas  temperature  in  the  well,  along  the  periphery  of  the 

combustion  chamber.  .  .  ,  „  _ 

The  lower  element  of  a  cast  iron  shut-off  device  consists  of  a 
cylindrical  tubing  which  forms  the  combustion  chamber  and  a  slab  dia-  • 
meter  of  1500  mm  with  a  spur  to  the  ground  to  render  the  shut-off 


device  more  airtight.  .  ,  .  .  .. 

The  tubing  has  a  sleeve  for  conveying  compressed  air  to  the  well¬ 
head  and  a  flange  for  fastening  the  shut-off  lid.  . 

The  ceramic  facing  of  the  well-head  consists  of  a  standard  funnel 

used  in  metallurgy  for  pouring  steel. 

A  portable  pumping  unit  is  used  in: conveying  liquid  fuel  to  _  v 
burners.  (Liquid  fuel  can  be" conveyed  by  gravity  flow  from  tanks  installed 
3-8  m  above  the  well-head).  ...Such  an  installation  (Figs  10  and  11)  consists 
of  a  type  G-11-11A  gear  pump,  electromotor,  switch,  and  pressure  gauge, 
all  mounted  on  two.  tames  coupled  to  make  a  single  body .  Valves  connecting 
hoses  to  the  burners  fit  into  their  sides. 
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.  .  To  maintain  the  necessary  pressure  of  fuel  driven  by  this  pump  to 

the  burners,  the  pumping  unit  has  a  special  regulator  valve  with  a  scale: 
this  device  assures  bypassing  of  excess1  ijuel  to  the  outer . loop  of  the 
pipe  line.'  The  fuel  pressure  is  checked  to  0.1  atm  by  a  gage  installed 
on  the  pump.  : :  :  \  ' 

Depending  on  the  number  of  outlet  valves,  one  such  pumping  unit 
services  as  many  as  12-li).  wells  with  fuel.  However,  a  gear  pump  is 
capable  of  servicing  no  fewer  than  20-30  wells  by  switching  it  to  a 
distributing  chamber  with  a  corresponding  increase  in  the  number  of  out¬ 
let  valves. 

Fuel  is  pumped  directly  from  the  tank  through  a  benzoresisting 
hose  or  a  metal  tube  with  a  mesh  filter. 

.  '  fuel  is  controlled  with  a  special  attachment,  consist¬ 

ing  of  a  560  cnp  measuring  cylinder  (effective  capacity  500  cm3.)  with  a 
T-valve.  The  control  attachment  is  fitted  between  the  pump  and  the  fuel 
•  tank.  %  determining  the  emptying  rate  of  the  fuel  cylinder  with  a 
stop-watch,  the  actual  consumption  of  fuel  is  determined  for  various 
readings  of  the  pressure  gage. 

.  ,A  simplified  and  less  powerful  pumping  unit  for  the  simultaneous 
servicing  of  only  10-12  wells  can  be  obtained  by  converting  a  small 
automobile^ pump,  the  M-20  No.  20-101  101-?  type  (see  catalogue  of  spare 
parts  for.  the  passenger  "Pobeda"  car  M-20),  operated  by  a  0.27  kwt  motor. 

Another  installation  for  the  pressure-pumping  of  fuel  to  burners 
works  by  compressed  air.  This  model  consists  of  two  coupled  tanks  mounted 
on  the  common  welded  frame  (Fig  12).  The  tanks  are  connected  ty  T-valves 
rough  which  alternately  for  each  tank  —  compressed  air  is  conveyed 
from  above  at  2. 0-2. 5  atm;  liquid  fuel  is  conveyed  from  below  and. 
driven  by  the  air  pressure,  proceeds  through  a  pipe  to  the  gas  collector, 
from  which  it  is  distributed  to  the  injection  well  burners. 

•  4.1  3.  While  °ne  of  the  tanks  is  operating,  the  other  is  being  filled 
witn  fuel. 


_  ^  Fitted  in  the  lower  part  of  each  tank  are  measuring  tubes  which 

afford  constant  control  of  the  fuel  level  in  a  tank.  The  tanks  also  have 
pressure  gauges. 


Gas  blowers  are  used  in  driving  fuel  gases  with  a  low  pipe  line 
pressure  10.005-0.1  atm)  into  wells  with  a  0.25-0.50  atm  pressure  head. 

n  RMK-2  vacuum  pump  manufactured  by  the  Bessonov  Compressor  Plant 
can  be  used  for  an  air  blower.  This  pump  is  capable  of  maintaining  a 
pressure  head  up  to  1.3  atm.  (Fig  13).  This  model  consists  of  a  water- 
raj'|§  P™Pj  an  A-61  10  kwt  motor  and  a  gas  collector  all  mounted  on  a 
portable  steel  frame.  The  operation  requires  10  liters  of  water  per 
minute.  i?or  this  reason,  the  mounting  frame  should  be  somewhat  modified 
ty  converting  it  into  a  closed  reservoir.  The  water  circulation  through 
this  reservoir  is  effected  by  means  of  a  small  auxiliary  pump  installed 
on  the  same  frame. 
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.  The  performance  of 

a  RMK-,2  is 

Characterized  by  the  following 

indexes  (Table  1) 

:  ; ,  ■  •  ■ 

Table  1 

■  *  i'  \  ’  : ' 

M 

Index  names 

Unit  of 

P  i 

u  m  p  .1 

n  g  p 

res 

sure 

Measure 

in  atm 

0.3 

0.5 

0.8 

1.0  , 

1.3 

Capacity  reduced  to  the 

,1.52. 

0.68 

intake  conditions 

m3/miri 

2.75 

2.53 

.  2.01 

Ditto 

m3/hr 

165.0 

151.8 . 

120.6 

91.2 

•  U0.8 

Effective  power 

kwt 

i  6.7 

7.13 

.  7.5 

,  8.0 

8.85 

At  an  average  pressure  of  0.5  atm,  this  gas  blower  services 
simultaneously  ten  wells  (gas  expenditure  for  one  well  varies  in  a  range 
of  8-12  mtyhr).  '  : 

■  In  operation,  basic  control  of  the  gas  consumption  is  accomplished 
by  a  valve  fitted  to  the  RMK-2,  while  additional  control  (depending  on 
the  operating  conditions  in  each  well)  is  exercised  by  the  burner  valves 
of  wells. 

The  operating  procedure  and  the  turning  on  of  gas  fuel  for  the 
RMK-2  in  thermal  consolidation  of  grounds  is  as  follows: 

To  begin  with,  gas  and  water  are  connected;  the  first  to  the  intake 
pipe  and  the  second  to  the  vacuum  pomp  nipple.  A  turn  of  the  knife- 
switch  cuts  in  the  motor  which,  by  means  of  a  connecting  sleeve,  turns 
the  vacuum  pump  shaft.  Then  the  stop-cock  is  opened  to  let  gas  into  the 
pump.  Should  the  machine  stop,  this  stop-cock  also  prevents  the  passage 
of  water  from  it  and  to  the  intake  pipe. 

The  incoming  gas  proceeds  along  the  pipe  to  the  gas  collector 
together  with  water,  which  is  fed  to  the  pump  to  effect  a  hydraulic 
seal,  to  maintain  the  water  ring,  and  to  cool  off  the  gaskets.  Inasmuch 
as  a  pressure  head  is  established  in  the  gas  collector,  it  drives  the 
free  water  out  of  it  through  a  floating  level  regulator  -  water  outlet 
(whose  operation  is  controlled  by  a  water  gauge):  to  the  drainage  channel 
(from  the  side  opposite  to  the  water  gage);  in  the  meantime,  gas  proceeds 
through  the  open  valve  of  the  outlet  shaft,  to  the  hoses,  and  on  to  the 
well  burners. 

In  order  to  regulate  the  gas  pressure  in  the  collector,  and  because 
the  gas  must  not  escape  into  the  atmosphere,  the  intake  and  pumping  lines 
are  connected  by  a  by-pass. 

The  pressure  is  regulated  by  a  valve.  Also  fitted  to  the  gas 
collector  is  a  pressure  gauge,  while,  the  pipe  has  a  back  valve  in  front 
of  the  stop-cock. 

The  gas  collector  serves  as  a  fuel  distributor  for  the  wells. 

It  consists  of  a  metal  pipe  1.2-2. 0  m  long  with  a  100-150  mm. diameter, 
with  two  rows  of  tubes  welded  into  its  sides  to  attach  the  fuel  gas 
hoses  leading  to  the  well  burners  (Fig  lit). 

Welded  into  the  middle  part  of  the  gas  collector  is  a  gas  pipe 
to  the  gas  blower. 


neoassa^niirorte^rf^S^d^68  “  P°ssible  40  «*  *»  *= 

gaa  blower  and  empress  M’rS&cS^^  “V* 
individual  burner;  eguiate  and  cut  off  the  gas  for  any 

of  parts^^rr^lS4!^  *°  *"  a"d  c““~' «» 

•  &*&*«£>:  p~ T'&ss, 

sure  fane  ^  ’T?:La"?  T’i  pU"ps'  Mocked  super-high  irea- 

be  avoided  as  very  uneconomical  ST?  ™d  lo"'P°"er  compressors  is  to 
the  cost  of  thermal  eoSa?Ln  of *"’*  ^?.«ise 

of  ^‘thlCvrCflrV? «» »* 

this  reason,  the  use  of  ata  hw  f  *?*?  ^ration  cost.  For 
fans,  or  othe“Co“«s  of^hS2r  — bl0I:ked  “S“-*>W>  pressure 

S£r 

of  »  metol^fpr^SCrtw'S  ff^butes  Mr  to  the  wells.  It  consists 
.  Welded  in  on  both  sides  of  one  end^+v,*0^  Wlth  a  25°"^00  m®  diameter, 
meter  not  smaller  than  1°"  Sth  S  Plf>!  are  tubes  with  «  dia- 

carIy  air  to  the  burnCrC'and  C“l  stavCSC  ftt^?T’rf0r  “fT  "Mch 

other  end  of  thp  m’no  oils  ^Fig  15)*  Connected  to  the 

Such  a^  air  coUeoT  Z  ether  sources  of  compressed  air. 

assures  a  more  era  £re^J.  Tf^  seTCral  cubic  meters;  this 
When  compresses!” u£d ZbtfTS'?,  ‘°  the  ”ells' 
be  connected  with  the  air  collector  with  SMwra  °°mpressln6  steps  ”“st 

an  air  bJSeS* a^a^ra^tSbut-o  C°?tr?1: *?*  ^  a  gauge.  Such 
as  the  turning  on  and  off  and  regulati^cf  eSh  tadtaidMl^ell3  *U 
meters) 'rer^TSrl^1  °f  aCtm1  alr  and  aa°  consumption  (in  o.', Mo 
de^oe ImS inX^t^  oiT  ^  ?Per?ttaS  Beli  is  a  staple 
1,000  and  1,500  m  W  SCoLcJL  S  to  3  f  4”°  lengths  °f  5°  >»  pipe, 

w^^taS^'piSa^ifwrp^  *°  a  dS~M  SEVSpSE 

a  25  mm  orifice  ji/the  cents!  o/it  ^  Separated  by  a  diaphragm  with 
given  beta!:3"3  °f  **“  comiectlo“  <*  this  device,  in  operation,  are 

the  total  c^tnofFS“Sd1oonaolidationt'withUtt  S°?  “T5'.to.Hli  of 
accounting  for  approximately  70%.  *  6  air  an  drilling  costs 
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■  drilling  is  the  most  labor-consuming  component  of  the  ground 
consolidating  operations;  It  often  happ'ens,  especially  in  hep^iring  .1 
the  damage  to  alreacty-  Standihg  buildings,  that  the  drilling  has  to  be 
done  under  complicated  and  cramped  conditions  (neat  foundations,  inside 
the  buildings,  etc).  Despite  the  comparatively  small*  amount  of  drilling 
to  be  done  in  working  by  this  method,  the  cost  of  it  usually  accounts 
for  a  considerable  part  of  the  total,  amounting  to  kO%i  For  this  reason, 
the  following  should  be  avoided: 

a)  hand  drilling,  which  is  laborious ,  time  consuming  and  expensive; 

b)  complicated  installations  used  in  mechanized  deep  drilling 
which  are  bulky .and  call  for  a  considerable  service  personel,  power 
outlay,  etc.  The  use  of  such  complicated,  although  mechanized,  instal¬ 
lations  is  usually  even  more  expensive  than  the  hand  drilling. 

Used  in  drilling  wells  are  light  portable  mechanized  rigs  designed 
to  drill  150-200  mm  holes  up  to  10-15  m  deep,  by  the  vibro-,  pneumo-, 
or  rotary  methods.  -  ‘  \  ■ 

Coring  device  (Fig  17).  Inasmuch  as  thermally  consolidated 
loess-like  grounds  have  gained  strength  (up  to  15  kg/cm^  andover), 
their  sampling  with  conventional  laboratory  methods  is  impossible;  For 
this  reason,  the  taking  of  samples  to  test  for  compaction  and  shear  is 
recommended  to  be  done  using  an  electrodrill  with  a  cutting  head  capa¬ 
ble  of  taking  a  perfectly  cylindrical  core.  The  core  is  trimmed  and 
separated  from  the  main  body  by  the  same  electrodrill,  with  the  cutting 
head  replaced  by  a  smooth  metal  disc. 


Planning 

Thermal  consolidation  of  grounds  should  be  done  according  to  a 
previously  worked-out  plan  calling  for  all  data  determining  the  distri¬ 
bution  and  diameter  ;of  wells,  the  depth  of  thermal  processing,  diameters 
of  the  consolidated  zones,  the  work  schedule,  and  the  methods  of  its 
control. 

Pits,  drifts,  and  other  diggings  for  pressure  burning  can  be 
vertical,  horizontal,  inclined  at  various  angles,  or  combinations  of 
these  positions. 

The  distance  between  0.15-0.20  mm  boreholes  or  other  diggings 
(trenches,  shafts,  etc.)  and  the  distance  between  their  axes  depend  on 
the  structural  features  of  constructions  being  erected  or  repaired,  on 
the  layout  of  their  foundations,  and  on  the.  load  distribution. 

With  an  even  distribution  of  load  on  the  foundation,  the  well  plan 
may  be  a  rectilinear  network  or  a  checkerboard. 

Considering  that  the  average  diameter  of  a  thermally  consolidated 
body  of  ground  around  a  well,  with  the  operation  carried  out  properly, 
is  2.0-2. 5m,  the  minimum  distance  between  the  well  axes  can  be  taken  as 
2.0  m. 

The  maximum  distance  between  the  well  axes  depends  on  the  struc¬ 
tural  features  which  are  capable  of  withstanding  bending  stresses 
between  two  columnar  supports  of  buildings  and  their  foundations. 
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Specifically  for  apartment,  houses  and  industrial  buildihgs,  the  position 
of  the  strengthened  zones  should  coincide  with  that  of  the  interspan 
walls  (Fig  18).  ;  ./  ,  jK-  ^  ,  m  -  '  - 

The  depth  of  wells  is  planned  depending  on  the  thickness  of  the 
formation  to  be  consolidated,  and  varies  usually  from  six  to  15  m.  ’ 

The  premises  for  thermally  consolidated  grounds  are  based  on  the 
following  considerations.  Properties  of  the  main  body  of  a  consolidated 
zone  ar4  nearly  the  same  within  the  300-800°C  temperature  effect  range. 
On  the  other  hand,  in  the  effective  zone  of  higher  temperatures 
(800-1000°C  and  higher)  where  a  fusing  of  ground  particles  takes  place, 
the  strength  of  thermally  consolidated  grounds  rises  considerably,  and 
may  attain  very  high  values.  This,  however,  is  not  the  main  purpose  of 
thermal  consolidation,  whose  goal  is  merely  to  eliminate  the  setting 
tendency  of  a  ground.  >  • 

In  calculating  the  strength  of  thermally  consolidated  ground,  the 
average  calculated  (allowable)  resistance  of  the  supporting  surface  is 
assumed,  for  the  entire  consolidated  body,  to  be  h~6>  kg/cm2,  with  a 
deformation  modulus  of  200-300  kg/cm2. 

When  necessary,  the  actual  strength  of  a  consolidated  rock  column 
can  be  established  experimentally  by  applying  pressure  on  consolidated 
pillars i 

The  strength  of  a  consolidated  columnar  body,  projected  to  the 
entire  thickness  of  the  formation,  can  be  calculated  in  a  way  similar 
to  that  for  a  deep  columnar  foundation,  with  the  entire  stress  trans¬ 
ferred  from  the  building  to  the  consolidated  zone  surface  without 
considering  the  pressure  transfer  to  the  intervals  between  consolidated 
columns. 

In  the  event,  the  consolidated  columnar  supports  do  not  reach  a 
non-compacting  horizon,  they  act  as  driven  piles  under  the  conditions 
of  a  possible  wetting  ana  settling  of  the  unconsolidated  ground. 

In  view  of  the  fact  that  thermally  consolidated  grounds  not  only 
are  rid  of  their  settling  tendencies  (which  is  the  main  purpose  of  their 
consolidation)  but  also  have  their  strength  increased  no  less  than  2-3 
times,  the  thermally  consolidated  bodies  can  be  arranged  with  considera¬ 
tion  given  to  the  corresponding  increase  in  allowable  pressures  on  the 
strengthened  segments  of  ground  (as  it  is  in  the  instance  of  combination 
piles).  This  will  leave  intervals  of  unreinforced  ground  to  the  extent 
of  66%  of  the  overall  foundation  area. 

In  determining  the  distance  between  the  wells,  the  columns  of 
consolidated  ground  should  be  regarded  as  piles  with  a  critical  load 
Nc  (in  kg)  computed  with  the  formula 

Nc  ^  FyFav  =  ui  R  FaVj 

where  Ry-  is  the  average  calculated  resistance  of  a  consolidated  ground 
column  (determined  from  experimental  wells)  in  kg/cm2 . 

Fav  is  the  area  of  an  averaged  cross-section  of  the  consolidated 
ground  column,  as  measured  in.  experimental  wells,  in  cm2; 

m  is  factor  of  the  increase  in  the  standard  resistance  of  unpro¬ 
cessed  ground,  computed  depending  on  the  depth  of  thermal 
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processing,  with  formulas  and  tables  in  Paragraph  13,.  Chapter 
I±-B  6  SNIP; 

R  is  the  assumed  resistance  of  ground,  before  thermal  consolida¬ 
ting,  in  kg/cm^. 

In  addition,  the  work  plan  should  include  measures  of  protecting 
the  wells  and  diggings  from  atmospheric  precipitation -and  ether  waters 
during  the  work  of  thermal  consolidation  (sufface  protection  and  drainage, 
etc).  In  highly-gas-permeable  grounds,  the  air  tightening  of  wells 
should  be  accompanied  by  lowering  of  permeability  in  the  surface  layer, 
0.5-0. 8  m  thick,  by  tamping,  developing  a  surface  crust,  clay  and 
concrete  treating,  etc. 

The  temperature. of  gaseous,  products in  a  well,  with  complete 
combustion,  may  exceed  2000°C.  At  such  temperatures,  gases  in  contact 
with  the  ground  cause  its  fusing,  which  impairs  the  gad  penetration  and 
slows  down  its  movement.  To  avoid  this,  the  maximum,  temperature  of  gases 
in  a  well  must  not  exceed  the  fusing  temperature  of  the  ground. 

The  fusing  temperature  of  loess-like  grounds  varies  within, a 
1200-lU00°C  range;  repeated  heating  raises  it  by  70-100°C. 

The  maximum  temperature  of  gaseous  combustion  products  is  achieved 
with  a  minimum  possible  amount  of  air  necessary  for  the  chemical  process 
of  combustion.  .■  ' 

The  minimum  volume  of  air,  V0,  necessary  in  the  combustion  of  1 


kg  fuel  is  as  follows: 

1)  for  diesel  fuel  with  heating  capacity  2r*  10,000  kg.  cal/kg, 

V0  =  11.2  m3/kg;  ■;  •  ■ 

2)  for  pipeline  crude  with  ,Qr* ,=  10,300-10,900  kg. cal/kg.  V0  =  1 

n.5-12. 2  m3/kg;  \ 

3)  for  residual  oil  with  Qy  =  97UO  kg'.cal/m3.  V0  =  10.9  md/kg; 

it)  for  coke  gas  with  Qr  =  •?i300-it820  kg r cal/nP f  Vq  =  Ii.805.itm3/in.3j 
5)  for  generator  gas  with  Qr=  1350-litit0’kg.cal/m3,  V0  = 

1.5-1. 6  m3/m3.  •  •  ’  '  t  .  ’•  ■ 


The  temperature  of  gases  formed  In  combustion  can  be  regulated 
by  changing  the  volume  of  air  conveyed  to  , the  well.  ..  The  excess  air 
introduced  into  a  well  does  not  participate  in  the  chemical  reaction  of 
combustion,  but  mixes  with  the  combustion  products  and  lowers  their 
temperature.  Moreover^  it  serves  as  an  additional  heat  Carrier  as  it 
penetrates  the  ground  pores.  •  '  ,  .  •  .  .  " 

The  theoretically  possible  temperature  tr, of  gases  in  a  well  (not 
taking  into  account  the  heat  losses)  can  be  determined  from  the  formula 


Q  »  0,00673  •  aJ  »d2y  I—-  *\  /-, —  -  ,  *■  r 

’  •  V  T  ;  V  (r  +  f)  •  (0,90U+f) 

where  Q  is  heating  capacity  of  fuel,  in  kg. cal/kg  cr  kg.cal/m3j 

Va  is  volume  of  air  conveyed  to  well  per  1  kg  of  fuel,  in  m3- 
Cp  is  average  heat  capacity  Cf  combustion  products,  by  weight, 
at  constant  pressure  P  and  assumed  to  be  0,235  +  0,000019 
tr  in  kg. cal/kg. deg. 


conveyed^rTkjlS  ****<***  between  the  amount  of  air 

iiquia  *s  <-£  £  ■■<** 

Table  2 


VB,  m3/k2 
Vo,  m3/k2 


larger  than  the  minimum  necesMwfoi^eo3  T®*1  Sh°Uld  be  2*^‘3  times 
To  avoid  the  of SnL  P^fe  corabustion  of  fuel, 

conditions  for  its  thermal  p^oSsfnfff  V™1  t0  °btain  °Ptira™ 
well  should  be  25-30  m3  for  each  kll^f  J°l™eof  air  conveyed  to  a 
heating  capacity  of  about  10,000  kg  calA^°  plquid  fu®f  with  an  assumed 
air  should  be  conveyed  for  l™3  *g*calAg.  Correspondingly,  10^15  m3 

U300-14820  kg.cal/m37  These  vof^6  g3S  Wlth  a  heatin§  capacity  of 
ture  and  atmospheric  pressf ^0?^ f  ^  S±Ven  for  °°C  outside  tempera- 
formulas  and  tables  for  air  volum!*0^  meTCUry  column>  to  conform  to 

The  amount  of  '  *  ^erential  gage. 

depends  on  the  gas  permeabilitv  of  th®  ground  around  a  well 

it  should  be  determined  experimental! v  ?r0unf  on  'the  pressure; 
grounds  with  a  8-20$  moistSe  contSf  f  3  tria}  blow*  For  loess 
the  formation  is  usually  10-hn  m3  Z^’  th^  amount  of  air  penetrating 

<  •  -sSSri S.s=  »■  ^ 

amount  of  air,  Vaf  necessary ^ofafff  tl0n+f  8  ground  area,  the 
condition  of  complete  combStion  of  °Fb“,thermal  process  under  the 
the  combustion  products  (as  comoutarf  f 1  3f  a  corresponding  cooling  of 
fuel  or  1  m3  gaP  fuel)  is  ^-meterS  Per  1  kg  of  ^uid 

temperature  of  burning  gases  in  a  wJ?f  d~pend“g  on  the  projected 
given  above.  For  instant  +  3  from  the  formula  or  Table  2 

and  for  aolar  (diesel)  oil’as  fr0^Cted  “J;1  temperature  of  1000°C, 

29  »3.  with  Va  -  9  S‘ fS  cote fBs;  of  should  be  va  ■= 

per  ho^firoOTpntedfd^Sn|nonri?31S.!J?t4r  of  *?•  ™U  length, 
ability  of  the  ground,  its  fusing  point  !?apacity *  the  Sas  Perme- 

specific  gravity.  For  instance  th  T°isture  content  and  the 

1000°c  and  gas  permaabilit)  of  lo  "e“  te"Perat“re  of 

6.9  kg  for  a  loV deep  wan?  and  LI  °*  n0t 

one  running  meter,  or  not  over  20  m3/hr  for  th9  1  T  2m.3  c.oke  gas  per 

m  /nr  for  the  same  ten  meter-deep  well. 


An  increase  in  the  amount  of  fuel  consumed  per  Unit  of  time  brings 
about  a  rise  in  temperature  Above  the  projected,  with  fusing of  the  well 
walls  as  a  result,  whidh  is  inadmissible;  a  fused  well' is 'rejected  and  a 
new  one  must  be  drilled  beside  it.  •’ 

These  data  afford  an  approximate  estimate  of  the  fuel  consumption 
in  airtight  wells.  They  are  derived  from  the  results  of  experimental 
well  firing,  determining  the  amount' of  air  penetrating  one  running  meter 
of  the  well  wall  at  various  pressures,  and  the  optimum  flow  rate  for  air 
and  fuel  consumed  per  one  running  meter  of  well  depth. 

Given  in  Appendix  I  ip  an  example  of  calculating  the  amount  of 
liquid  and  gas  fuel  and  the  time  necessary  for  the  burning  of  a  single 
12  m  deep  well  with  a  consolidated  zone  diameter  of  2  m  and  a  ground 
moisture  content  of  12.5$.  .  .. 

The  following  approximate  data  can  be  used  in  tentative  calcula¬ 
tions  of  the  amount  of  fuel,  air,  and  time  necessary  in  the  thermal 
processing  of  ground  to  a  depth  of  10  m  and  with  the  diameter  of  the 
consolidated  zone  of  2  m. 

The  hourly  liquid  fuel  expenditure  for  one  running  meter  of  a 
well  is  0.U-0.5  kg,  or  h-5  liters  for  the  total  depth;  the  corresponding 
amounts  of  gas  fuels  are  1.0-1. 2  m3  and  10-12  m3. 

The  hourly  air  expenditure  with  liquid  fuel  is  25  m3  for  1  kg  of 
fuel,  or_100-125  m3  per  well;  the  corresponding  figures  with  gas  fuel 
are  10  m3  for  one  1  m3  and  100-125  m3  per  well. 

Time  consumed  is  ten  days,  or  one  day  per  one  running  meter  of 

well. 

A  single  borehole,  diameter  d  =  0.15-0.2  m,  operating  for  8-10 
days,  stabilizes  a'  segment  of  ground,  diameter  D  =  1.5-2, 5  m,  and  8-10 
m  deep.  . 

With  a  longer  period  of  thermal  consolidation,  the  zone  so  pro¬ 
cessed  may  attain  a  diameter  D  =  3  m  and  over,  with  a  depth  of  15  m  and 
better;  this  corresponds  to  100  m3  of  consolidated  ground  per  well. 
However,  in  some  instances,  depending  on  the  specific  conditions  of  the 
ground  structure,  an  extreme  lengthening  of  the  burning  period  achieves 
only  an  optimum  result  (D  =  2. 0-2. 5  m)  and  does  not  go  beyond  it.  This 
limit  is  characterized  by  a  drop  in  the  efficiency  of  further  thermal 
processing  because  of  the  sharp  gas  pressure  drop  in  wells;  this  is  due 
to  gas  leakage  in  the  upper  near-well  interval;  the  cross-section  of 
this  interval  grows  larger  as  the  humus  additions  are  burned  out  and  the 
ground  structure  is  broken  up. 

Under  normal  conditions,  i.e.,  with  a  0.25-0.50  atm  pressure 
head  and  a  comparatively  homogeneous  ground,  the  growth  of  a  thermally 
consolidated  block  proceeds  by  zones  distributed  more  or  less  equally 
about  the  well,  with  a  slight  downward  narrowing  (Fig  19-a).  In  the 
Dnieper  region  building  practice  of  the'  Ukrainian  ;SSR,  an  8-12  day  firing 
of  an  8-12  m  deep  well  produced  a  consolidated  ground  column  diameter 
of  2. 0-2.5  m.  ........ 

Under  unfavorable  working  conditions  (an  insufficient  or  totally 
absent  pressure  head  in  a  well  or  else  its  inadequate  shutting  off),  a 
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conic  (Fig  19-b)  instead  of  a  cylindrical  consolidated  zone  is  obtained: 
this  is  inadmissible.  '  .  ,/ 

.  A ;  The  presence  of  open  wells  for  future  firing  (or  already  fired) 
about  a  fired  hole  (Fig  20)  improves  its .firing  conditibnsby  improving 
the  gas  circulation  from  the  lower  intervals  of  operating  wells.  In 
firing,  every  other  well  is  operated. 

'  Thermal  strengthening  of  ground  is  planned  in  I,  II,  III,  and  IV 
Cycles  (turns  or  groups)  with  a  simultaneous  operation  of  the  corres¬ 
ponding  number  of  wells  for  each  cycle  (Figs  18  and. 20-21* ). 

The  number  of  cycles  depends  on  the  total,  number  of  wells  to  be 
fired,  but  mostly  on  the  capacity  of  the  air  conveying  equipment  and  bn 
the  availability  of  flexible  and  benzo-resisting  hosei 

,J°  speed  up  the  operation,  the  number  of  cycles  (turns)  should  be 
as  small  as  possible.  Thus,  in  strengthening  the  ground. under  the  founda¬ 
tions  of  industrial  smokestakes. and  tall  segments  of  buildings  as  well 
aa , repairing  damage  caused  by  local  wetting  of  ground  subject  to 
settling,  when  only  6-30  wells  are  needed,  they  should  be  fired  in  1-2 
cycles;  this  will  require  10-20  days. 

. _The  duration  of  each  cycle  (burning  up  the  required  amount  of  fuel 
in  wells  under  specified  conditions)  is  about  ten  days,  fluctuating  one 
way  or  another,  depending  on  the  well  depth,  the  specified  diameter  of 

the  consolidated  zone,  and  the  capacity  of  equipment  used  in  pressuring 
the  wells. 

The  number  of  simultaneously  fired' wells  (in  a  cycle  or  turn)  is 
determined  by  the  equipment  capacity,  primarily  by  that  of  the  compressed 
air  sources  (compressors,  air  blowers,  etc.) 

It  also  should  be  taken  into  consideration  that  the  connection  of 
burners  and  shut-off  devices  to  the  sources  of  air  and  fuel  requires  a 
considerable  length  of  durite  hose  of  various  diameters.  To  save  such 
hose,  it  is  recommended  to  replace  it,  whenever  possible,  by  metal  pipes, 
and  to  use  the  flexible  hose  only  in  couplings.  This  is  especially 
important  in  the  use  of  liquid  fuel,  the  distribution  of  which  to  wells 

cans  lor  the  scarce  benzo-resisting  hose. 

_  The  number  of  burners  must  correspond  to  that  of  simultaneously 
fired  wells  of  a  cycle,  plus  two  to  three  spare  ones.  Care  should  be 
aken  in  operating  with  liquid  fuel  that  work  would  not  be  stopped  for 
lack  of  spare  needles  to  clean  the  burners*  orifices.. 

.It+i®  recommended  to  have  a  supply  of  metal  well  shut-off  devices 
sufficient  for  two  cycles,  in  order  to  cut  down  the  working  time. 

*  ceramic  element  of  the  shut-off  device,  the  refractory  combust¬ 
ion  chamber,  and  the  lower  air  supply  tube  (see  first  shut-off  model) 
can  be  used  only  once;  accordingly,  their  number  must  correspond  to  the 
total  numoer  of  wells,  including  the  control  ones. 

n  v,  T^e.COmbustion  chamber  with  a  shut-off  device  installed  at  the 
well-head  is  protected  by  Mark  100  concrete  mixed  with  red  brick  rubble. 

•  +  7?  cPeration>  eveiy  other  well  of  a  cycle  is  fired,  with  the 

intermediate  wells  serving  as  vents  and  thus  improving-  the  circulation 
conditions  for  hot  gases  in  the  lower  zone  of  the  ground  being  processed. 
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-  ..  V.  1  *  r  -  .  /•  --  ,  ,  : 

In  order  to  have  a  better  idea  of  actual  expenditres.,of  fuel,  air, 

and  time  in  thermal  strengthening  of  1  nH  of  ground  under  local  .condi¬ 
tions,  and  to  have  a  field  check  of  the  figures- projected,  a  firing  of 
two  control  wells  should  be  scheduled!'- the  wells  should  be  the  same  size 
and  with  the  same  geologic  features  as  the  projected  wells.. 

The  location  of  these  experimental  wells  should  allow  their 
subsequent  opening  and  testing,  if  necessary. 

Economic  and  engineering  aspects  of  -the  thermal  consolidation 
method  under  given  conditions  should  be  considered.  This  method  is  not 
justified  economically  when  used  in  reinforcing  the  ground  under  small 
and  non-critical  constructions  and  when  the  formation  subject  to 
settling  is  thin  (l-3m)“. 

It  should  be  kept  in  mind  in  planning  a  thermal  consolidation 
with  gas  fuel  that  the  cost  break-down,  as  determined  from  a  number  of 
Ukrainian  instances  in  1956-1957 »  is  as  follows  (in  percentages): 


Drilling  37.0 

Fuel  (coke  gas)  2.9 

Air  (electrocompressors  with  a  capacity 
of  6  m-Vmin  °r  180  irr/hr,  each)  32.5 

Labor  12.3 

Material  and  equipment  (cost  of  equipment 
on  stock  is  not  included)  111. 5 

Miscellaneous  0.8 


It  appears  from  this  tabulation  that  the  cost  of  fuel  is  only 
2.9$,  while  that. of  drillirig  and  air  accounts  for  the  bulk  of  the 
expenses  (70%  of  the  total).  This  is  inadmissible.  A  lowering  of  this 
last  figure  should  be  the  subject  of  special  attention  for  the  planner. 
This  can  be  achieved  by  using  portable  mechanized  rigs  for  drilling 
without  water,  thus  eliminating  the  necessity  of.  strengthening  the  well 
walls,  and  using  cheaper  compressed  air  sources  operating  at  low  pressures 
but  with  a  high  deliverability,  instead  of  the  present  expensive 
electrocompressors  of  low  deliverability. 


Working  Procedure  .  ‘ 

A  few  preliminary  operations  should  precede  the  work  of  thermal 
consolidation.  Among  them  are  .the  followings  j- 

1)  training  in  operational  and  safety  procedures,  of  the  super¬ 
visor,  the  crew  foremen,  and  workers  which  are  to  work  in  three  shifts; 

2)  clearing  of  the  working  area  according  to  the  project  specifi¬ 
cations  ana  fitting  or  building  of  a  temporary  shelter  for  men  and  the 
control  equipment; 

3)  digging  the  pit; 

U)  drilling  of  operating  and  control  wells; 

5)  installing  combustion  chambers  with  shut-offs  and  sealing  the 
well  heads. 
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In  addition  to  the  latter  operation,in  highly  permeable  grounds 
the  upper  ground  layer  must  be  made  less  permeable, for  gases, (surface  . 
tamping,  clay,  and  concrete  treatment,  etc).;  . 

6)  disposition  and  checking  of  equipment;  .  f- 

7)  connecting  the  power,  water,  fuel,  and. compressed  air. lines; 

•  8)  connecting  the  fuel  and  air  sources  to  burners  and  shut-off 

devices. 

In  view  of  the  continuous  nature  of  this  work,  each  crew  should 
have  designated  for  it  a  foreman,  a  mechanic,  a  concrete  mixer  and  a 
compressor  man. 

In  preliminary  operations,  special  care- should. be  .taken  not  to 
have  the  pits  and  wells  flooded. 

Thermal  consolidation  of  ground  under  foundations  is  done  in 
pits  or  trenches  opened  down  to  the  projected  foundation  elevation  or 
0.5  m  above  it.  Drilled  in  these  diggings  are  0,15-0.20  m  holes,  whose 
number  and  depth  is  specified  in  the  layout* 

*n  drilling*  geologic  data  obtained  during  the  reconnaissance 
should  be  checked  against  the  newly  obtained. 

The  drilling  should  be  done  without  water.  Drilling  methods 
conducive  to  compaction  of  the  well  walls  are  not  to  be  used. 

In  drilling  from  basements  and  other  places  where  the  use  of  long 
drill  pipe  sections  is  difficult,  a  percussion  bucket  tool  should  be 
used  on  a  cable  with  a  mechanical,  electromagnetic,  or  pneumatic  tool 
raising  device  (such  as  Engineer  V.  S.  Posyada»s  pneumatic  drill,  etc). 

^  Shut-off  devices  with  combustion  chambers  are  installed  at  the 
well  heads.  For  this  purpose,  the  well  head  is  reamed  out  to  0.75  m, 
0.7-0.75  m  deep.  To  prevent  the  earth  from  falling  into  the  hole,  the 
latter  is  closed  with  a  wooden  plug  0. 7-1.0  m  long  during  reaming.  With 
the  reaming  done,  the  plug  is  removed  and  the  hole  checked.  In  the 
event  it  is  clogged  up,  it  is  carefully  cleaned  prior  to  installing 
the  shut-off.  The  lower  ceramic  element  is  installed  first  (see  Fig  6) 
by  sinking  it  tightly  into  the  ground  at  a  depth  of  about  half  that  of 
the  funnel. 

Then,  in  shut-off  model  one,  the  ring  with  a  slit  and  a  welded 
pipe  for  auxiliary  cold  air  is  fitted  over  the  funnel  and  the  upper  and 
the  middle  funnels  with  a  lid  are  installed.  The  gap  between  the  com¬ 
bustion  chamber  walls  and  ground  ar k  tightly  closed  by  concrete  mixed 
■with  red  brick  rubble* 

Installation  of  shut-off  model  two  (see  Fig  7)  is  simplified 
because  there  is  no  lower  funnel  or  so-called  lower  air  pipe  illustrated 

m  i?ig  6. 

This  latter  is  designed  chiefly  for  an  easier  firing-up5  which  is 
especially  important  in  operations  with  liquid  fuel.  After  a  well  has 
been  changed  over  to  normal  fitting  conditions,  the  flow  of  air  through 
this  pipe  is  not  necessary. 

Particular  attention  should  be  paid  to  installing  the  combustion 
chamber  and  the  shut-off  lid  so  as  to  have  them  as  airtight  as  possible. 
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The  warming-up  and  firing  of  wellB  is  not  done  until  the  concrete 
has  acquired  $0%  of  its  projected  strength,,  ite.,  not  earlier  than 
3-h  days  after  the  pouring.  The  concrete  setting  time-,  can  be  cut.  down 
by  burning  some  fuel  in  the  combustion  chamber,  without  a  pressure  head. 

In  this  operation,  the  ceramic  element  of  the  chamber  must  not  become 

red  hot.  ■  -  ... 

When  a  cast  iron  shut-off  is  used  (see  Fig  9) ,  the  well  mouth  is 
enlarged  by  moistening  the  ground  and  then  pushing  it  aside  with  a  heavy 
conic  block  attached  to  a  vibrator. 

With  the  top  of  the  hole  so  enlarged,  the  block  is  removed,  the 
hole  is  checked  for  debris,  and  the  ceramic  funnel  is  set  tight  in. a 
clay  slurry. 

The  lower  part  of  a  cast  iron  shut-off  is  installed  after  the 
ground  surface  by  the  wells  has  been  tamped  down  with  mechanical  tampers, 
a  concentric  slit  has  been  fashioned  for  the  grounding  of  the  shut-off 
spur,  and  the  ground  has  been  treated  with  fire-clay  slurry. 

A  tripod  and  pulley  are  used  in  setting  the  cast  iron  slab,  with 
the  final  fitting  done  with  a  vibrator.  The  tightness  of  fitting  is 
checked  with  the  appearance  of  the  fire-clay  slurry  squeezed  into  control 
holes  iri  the  slab.  When  the  moistened  ground  has  dried  out,  these  holes 
are  closed  with  threaded  cast  iron  chokes. 

When  the  upper  part  of  a  pit  is  unconsolidated  soil,  the  shut-off 
devices  should  be  installed  deeper,  in  denser,  undisturbed  horizons; 
otherwise,  much  hot  gas  will  escape  through  these  unconsolidated  upper-' 
layers , and  the  thermal  process  will  not  affect  the  lower  and  denser 
ground. 

Burners  and  air  and  fuel  hoses  are  then  attached  to  the  burners  • 
so  installed.  .  '• 

Steel  pipes  and  standard  gastight  flexible  hose  are  used  for 
distributing  gas  fuels  and  compressed  air,  with  steel  pipes  and  benzo- 
resisting  flexible  hose  used  for  liquid  fuel.  .  -  . 

It  is  important  to  cut  down  as  much  as  possible  the  length  of 
flexible  and,  especially,  benzoresisting  hose,  by  replacing  it  with  steel 
pipes  and  using  it  only  in  couplings. 

The  firing  up  of  a  well  with  liquid  fuel  and  bringing  it  up  to  -  - 
standard  operating  conditions  is  done  as  follows.  The  lower  element 
of  a  heater  (Fig  25),  a  metal  rod  or  a  tube  6-20  mm  long,  is  ^rapped 
in  hemp  fiber  or  rags  which  are  then  soaked  in  liquid  fuel  and  ignited. 

A  weak  jet  of  fuel  and  air  is  directed  to  this  torch  with  the  burner.  : 
When  the  inner  refractory  element  of  the  combustion  chamber  becomes 
red  hot,  the  firing  up  is  regarded  as  finished.  The. heater  is  removed 
from  the  well,  the  burner  is  fixed  tight  in  the  shut-off  device,  and  the 
flow  of  fuel  and  air  is  increased  to  the  required  levels,  in  order  to 
spread  the  burning  down  the  well. 

In  firing-up,  the  combustion  products  escape  through  the  shut-off 
outlet  pipe  (the  lower  air  pipe) .  '  ..  . 

The  firing-up  of  a  well  requires  about  1  kg  liquid  fuel  and  takes 
usually  15-25  min.  ; . 
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.  Art®r  stea<^  working  conditions  have  been  established  in  the  well, 
as  signaled  by^a  bfight  fldme  in  the  combustion  chamber  and  the  absence 
of  smoke  escaping  through  the  shut-off.  outlet,  the  latter  is  closed  ^ith 
a  stop-cock,  then  the  lower  air  pipe  is  connected  to  it,  and  the  well 
pressure  is  raised  up  to  the  specified  level.  ■■ 

.  ,  The  firing-up  of  a  well  with  gas  fuel  and  bringing  it  up  to  the  ' 

standard  operating  conditions  is  done  as  follows..  First,,  compressors 
and  the.  gas  blower  are  connected,  then  the  gas  collector. and  air  collector 
valves  are  opened.  The  air  collector  pressure  is  not  raised  above  1.1-1. 2 
atm.  The  excess  pressure  is  bled  off  by  the  partial  opening  of  free 
valves.  The  air-flow  rath  to  the  air  collector  should  be  raised  gradu¬ 
ally,  as  the  number  of  operating  wells  grows;  because  of  this,  new  air 
compressors  are  also  cut  in  consecutively. 

.  Air  5s  conveyed  only  to  the  burners  in  small' amounts  necessary 
ior  the  combustion  process;  accordingly,  the  valves  in  the  shut-off  air 
pipes  are  choked  for  this  period.  The  incoming  air  is  regulated  by  the 
burner's  pilot  wheel.  °  ■  .. 

..  §as  PiP®  valves  are  then  opened;  first  at  the  gas  collector, 

then  at  the  burner.  At  the  same  time,  a  burning  match  is  touched  to 
ignite  the  gas  jet  issuing  from  the  burner*  *, 

The  torch  is  regulated  by  controlling  the  flow  of  air  and  gas. 

The  ignited  burner  must  be  installed  at  the  top  of  the  shut-off 
device,  with  the  torch  directed  into  the  well  to  the  upper  element  of 
the  combustion  chamber;  a  gap  should  be  left  between  the  burner's  lock 
sleeve  and  the  opening  in  the  upper  lid  of  the  shut-off.  In  this  posi- 

tube* (Fig  26)ner  ^  attached  temP°raril7  with  a  wire  to  the  peephole 

When  the  refractory  burning  chamber  becomes  red  hot,  the  burner 
is  set  up  in  its  normal  (vertical)  working  position  and  fastened  with 

wedges.  After  that,  the  burning  intensity  in  the  well  is  raised 
gradually. 

v  •  rePuired  for  firing-up  ten  wells  is  not  over  1.0-1.5  hrs. 

iring  with  gas  fuel  is  considerably  simpler  and  faster  than  for  liquid 
fuel.  Moreover,  a  simpler  shut-off  device  can  be  used. 

,  llf]  *n  the  process  of  thermal  consolidation  of  ground,  constant  watch 
should  be  Kept  to  maintain  the  well  temperature  at  750-1, 000°C  and  a 

pressure  of  0.3-0. 5  atm.  The  combustion  process  is  observed  through 
the  peephole . 

^The  normal  performance  of  a  burner  is  characterized  by  a  color¬ 
less  ixame  in  the  combustion  chamber  and  the  absence  of  smoke. 
i  . .  A  should  be  heated  up  to  red  incandescence  throughout  its 

length.  A  darkening  in  the  lower  part  of  a  well  means  a  low  pressure 
or  an  incomplete  air  shut-off  seal. 

Temperature  equalization  throughout  the  depth  is  achieved  by 
lengthening  the  flaming  gas  torch  through  an  increase  in  the  pressure 
heaa ;  this  stimulates  a  more  intensive  penetration  of  gases  into  the 

formation;  as  a  result,  the  thermal  process  is  speeded  up  and  affects 
a  wider  zone. 


T 


In  the,  absence  of  a  pressure  head  in  a  well,  during  the  firing- 
up  the  hot  gas  torch  shrinks  considerably,  and  the  high ■ tempS ha ture  zone 
is  concentrated  in  the  upper  well  interval,  with-  -fttsiiig  • 

the  well  walls.  The  effectiveness  of  thermal  consolidations  drop 
sharply  because  of  the  small  active  radius,  with  the  accompanying  waste 
of  time  as  well  as  fuel  and  air,  ■■?■■■ 

Red  color  with  a  whitish  hue  signals  an  inadmissible  overheating, .  ' 
of  the  well  walls  and  their  imminent  fusing,  which  results  in  a  virtual 
cessation  of  the  hot  gas  circulation  through  the  formation  pores.  This 
would  lead  to  a  ruin  of  the  well  and  its  replacement  by  another -one. 

The  cause  of  such  overheating  is  an  excess  of  fuel  over  the  amount 
specified  and  a  deficiency  in  auxiliary  air.  When  this  happens,  fuel 
should  be  cut  off  immediately  and  the  well  cooled  off  by  pumping  in  cool 
air.  When  the  well  temperature  drops  to  700-800°C  (not  lower  than  680°, 
the  gas  ignition  point),  the  burner  is  switched  to  the  normal  firing 
conditions. 

A  more  precise  well  temperature  control  is  exercised  with  an 
optical  pyrometer.  In  this  operation,  the  firing  is  stopped  at  intervals 
not  longer  than  1  hr  by  choking  the  gas  supply  first  from  the  gas 
collector  (at  the  pump,  when' -operating  with  liquid  fuel),  then  jit  the 
burner  by  means  of  a  corresponding  reswitching  of  valves.  After  that, 
the  burner  is  removed  from  its  shut-off  and  the  well  is  inspected. 

Finally,  the  well  wall  temperature  is  recorded  by  a  pyrometer. 

A  normal  firing  should  proceed  at  temperatures  of  800-1,000°C;  when 
the  temperature  rises  above  1,OOOOC,  the  well  walls  must  be  cooled  off. 

With  a  persisting  overheating  of  wells,  suggesting  a  power 
deficiency  in  the  compressed  air  sources,  one  or  more  wells  should  be 
disconnected  and  their  share  of  air  apportioned  to  the  remaining  wells. 

The  temporarily  disconnected  wells  can  be  refired  after  a  break. 

Particularly  important  is  the  maintenance  pf  a  necessary  pressure 
head  in  wells;  at  the  beginning  and  in  the  middle  of  the  process,  it 
must  not  drop  below  0. 3-0.5  atm,  and  not  below  0.2-0.25  atm  at  the  end 
of  the  operation. 

The  well  pressure  is  checked  every  hour  with  a  mercury  or  a 
spring  gauge  installed  in  the  upper  part  of  the  shut-off  device  and  gradu¬ 
ated  into  millimeters  (mercury  column)  or  into  0.02  atm.  (spring  gauge). 

Should  the  well  pressure-  drop  because  of  a  possible  leak  in  the 
shut-off  or  through  fissures  formed  about  it,  immediate  repairs  must  be 
made.  Fissures  in  concrete  are  filled  with  cement  slurry,  while  calking 
with  clay  is  used  to  stop  the  gas  escape  through  the  surface  area. 

One  of  the  reasons  for  lower  well-pressures  is  a  wrong  makeup 
of  cycles,  in  which  the  wells  are  fired  consecutively  instead  of  , 
alternately  (or  in  a  checkerboard  pattern),.;  In  the  latter  instance,  the 
gas  escape  is  more  uniform  —  through  the  entire  fired  interval  and  into  . 
the  immediate  wells;  this  is  not  the  case  in  the  first  instance'.  . 

Air  coming  in  through  the  burners  and  shut-off  devices  maintains 
a  well  pressure  of  200-350  mm  mercury  column  or  0,25-0.50  atm. 
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i  1  ,^he  actual  capacity  Of  bompressors  after  capital  repairs  is  often 
below;  the  certified?  in  a  number  of. instances,  it  is  down  to  80-60%  and 
even  50%  of  it.  Because  of  this,  it  is  necessary  prior,  to  the  operation 
to  check  the_ actual  capacity  of  the  air  compressing  equipment,  as  well 
as  the  actual  air  consumption  of  each  well  during  the  operation. 

rnt  simple  device  can  be  used  in  measuring  the  air  flow  (see  Fig 
lo;.  The  pressure  drop  between  two  sections  of  pipeline  is  measured 
Un  mm  mere.  col.)  by  a  differential  gauge  (U-shaped  glass  tube  kQ-50% 
lull  of  mercury  or  water)?  on  this  basis  the  actual  .air  consumption  is 
determined  (Fig  27-b)>  .  . 

■  L®t  bs  assume,  for  instance,  that  we  want  to  determine  the 
hourly  air  consumption  Q  in  cubic  meters  per  well,  for  a  measure  pres¬ 
sure  drop  of  h  =  260  mm  and  with  the  following  intial  data: 

1)  pipeline  diameter  D  =  50  mm? 

2)  diameter  of  the  diaphragm  orifice  d  =  25  mm?  . 

3)  air  temperature  t  =  30°C?  ’ 

U)  barometric  pressure  Pb  =  745  mm  mercury  column?  . 

5)  pressure  of  pumped  air  Pp  ■  760  mm  mercury  column? 

6)  consumption  factor  (with  d/D  =  0.5)  a  =  0.632? 

7)  volume  weight  of  air  under  standard  conditions  Y  =  1.20k  kg/m^? 

8)  absolute  pressure  P  =  Pb  +  Pp  =  7k5  +  760  =  1505  mm  m.c.? 

9)  pressure  drop  (as  read  on  differential  gage)  h  *  260  mm? 

10)  absolute  temperature  T  =  273  +  30  =  303°K? 

11)  weight  of  water  vapor  in  1  m3  of  air  (at  t  =  30°C)  f  =  0.0351 
kg/m-3.  .. 

On  the  basis  of  these  data,  and  using  formula 


Q  *  0,00673  • a  .  d2  \y 


we  determine  the  amount  of  air  consumed  in  one  hr: 

Q  =  0,00673  •  0,632  .  252  \  / 1505  „ 


,0,80U  + 


.1,201?  +  0,0; 


0,80k  +  0,0. 


9k  m^/hr 


The  actual  gas  consumption  in  thermal  strengthening  of  ground 
is  checked  with  the  same  device  as  illustrated  in  Fig  16,  but  connected 
in  a  somewhat  different  way  (Fig  27-a). 

It  should  be  kept  in  mind  that,  because  of  the  very  low  gas 
expenditure  for  a  single  well  and  the  small  diameters  of  feeding  pipes, 
a  very  small  pressure  drop  is  recorded  try  this  device?  not  enough  for 
precise  determinations  of  the  actual  consumption.  For  this  reason,  the 
recording  should  be  made  on  several  simultaneously  operating  wells 
rather  than  on  a  single  one.  The  procedure  is  identical  to  the  one 
described  above.  Let  us  assume,  for  instance,  that  the  pressure  drop 
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for  five  simultaneously  operating  wells  is  h  *  17  mm,  With  the  following 
initial  data:  ’■  '"'V! 

1)  pipeline  diametbh  D  =  50  mm;.  >>  ' 

2)  diameter  of  the  diaphragm  orifice  d ■=  25  mm;  ;  ‘  /  ''  i 

3)  temperature  of  coke  gas  t  *  30°Cj  ‘  - *  ; 

ii)  barometric  pressure  Pb  =  738  nan  m.c.;  '  '  ,\"u' ' 

5)  pressure  of  pumped  gas  Pp  =  30U  mm  m.c.j  '  ;  i  :- 

6)  consumption  factor  (with  d/D  *  6.5)  a  *  0.632; 

7)  volume  weight  of  coke  gas  under  standard  conditions  Y  -  0.U36 

kg/m5;  ; 

8)  absolute  pressure  P  =  Pb  +  Pp  =  738  +  30I4.  *  101*2  mm  m.c.; 

i  9)  absolute  temperature  T  *  273+30  *  303°K;  ‘  '  ' ' 1 

10)  weight  of  water  vapor  in  1  m5  of  air  (at  t  *  30°C)  f  .=  0.0351 
kg/m5 . 

With  the  formula 

Q  >  0,00673  .a  .  d2 
we  determine  the  volume  of  gas  required  in  firing  five  wells  for  one  hour 

Q  =0,00673  •  0,632  .  252 


=  32.5  v?/hr. 

For  a  single  10  m  deep  well  the  coke  gas' consumption  is 

32.5  :5s  6.5  m5/hr. 

Upon  termination  of  thermal  treatment  of  control  wells,  the  actual 
dimensions  of  consolidated  zones  (diameter,  depth)  are  ascertained  by 
digging  down  to  their  total  depth  and  opening  trenches  or  pits  with  one 
of  their  walls  abutting  on  the  vertical  axes  of  control  wells. 

The  consolidated  block  around  a- well  is  sampled  for  laboratory 
tests  for  settling,  shear,  and  compaction;  if  necessary,  and  when  the 
customer  so  desires,  specimens  of  the  thermally  consolidated  ground  may 
be  tested  for  compression. 

Thermal  treatment  of  a  well  is  regarded  complete  when  the 
specified  amount  of  fuel  has  been  burned  in  it  at  a  -pressure  head  not 
lower  than  0.25-0.50  atm  and  with  the  specified  volume  of  air  (25-30  m5 
for  1  kg  liquid  fuel  or  10-15  m5  for  1  m5  cbke  gas,  etc). 

Technical  reports  should  be  kept  of  the  work  of  thermal  consoli¬ 
dation  in  all  its  stages,  with  timely  certification  of  all  latent  work. 

A  general  work  report  contains  the  following  items: 

1)  preliminary  operations  and  readying  the  work  area; 

2)  digging  pits; 
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3)  drilling  well?,  and  their  dimensions;  / 

U)  correlation  of  actual  and  specified  geologic  conditions^  ' 

5)  installation  procedure  for  combustion  chambers  and  shut-off 
devices; 

6)  arrangement  and  installation  of  equipment; 

7)  the  order  in  which,  burners  and  shut-off  devices  are  connected 
to  fuel  and  compressed  air  and/or  disconnected  from  them; 

8)  the  firing-up  method,  time  consumed  in  this,  operation,  and 
the  date  of  the'  beginning  of  normal  firing  operation,  for  each  well; 

9)  measures  taken  to  regulate  the  well  temperature  in  normal 
operations  and  to  combat  a  pressure  drop; 

10)  reading  of  pressure  gages  installed  on  the  air  collector 
(receiver),  gas  collector,  liquid  fuel  pump,  shut-off  devices,  etc; 

11)  well  temperature  readings  (by  optical  pyrometer); 

12)  data  on  fuel  and  air  consumption,  with  systematic  control 

measurements;  ‘ 

13)  observations  on  safety  measures. 

A  record  of  thermal. consolidation.  Form  No  1  (see  Appendix  II), 
should  be  kept  for  each  well,  including  the  control  ones.  Accounts  of 
fuel,  air,  and  time  consumed  in  thermal  consolidation  of  ground  for 
each  object  are  kept  on  Form  No  2  (see  Appendix  III). 

Note:  When  an  operation  goes  wrong  and  the  well  pressure  drops 
below  0.2  atm,  time  and  fuel  wasted  in  the  unproductive  period  are  not 
included. 

The  following  safety  rules  should  be  observed  in  the  firing-up 
of  wells  and  during  the  thermal  operations: 

1)  Men  working-  on  firing-up  and  maintenance  of  the  wells  should 
always  wear  goggles  and  canvas  gloves. 

2)  Strict  attention  should  be  paid  at  all  times  to  the  state 

and  performance  of  the  equipment  (burners,  shut-off  devices,  gas  blowers, 
compressors,  liquid  fuel  pumps,  recording  and  control  devices)  and  to 
the  fuel  and  air  pipeline  system;  particular  attention  should  be  paid 
to  the  couplings  of  hoses  to  each  other  and  to  metal  parts  to  prevent 
their  overheating  and  a  leakage  of  fuel  and  air. 

3)  When  a  gas  leakage  is  detected  by  cdor  or  with  control 
devices,  the  gas  supply  must  be  cut  off  immediately;  the  operation  must 
be  stopped  and  not  resumed  until  all  damage  has  been  repaired  as  veri- 
fied  by  appropriate  inspection.  - 

li)  In  the  event  of  an  unforeseen  breakdown  in  the  air  supply 
(power  line  or  compressor  trouble,  etc),  the  fuel  supply  must  be  cut 
off  immediately,  then  the  air  supply;  the  burners  should  be  removed 
from  the  shut-off  devices  and  the  openings  should  be  covered  by  bricks 
(one  brick  to  a  shut-off  device). 

Note:  A  break  in  the  thermal  operation  of  a  well  should  not 
exceed  30  min  on  the  first  day  of  work  and  1-k  hrs  thereafter. 

5)  Water  must  not  be  let  into  the  wells. 

6)  Strangers  are  not  to  be  admitted  to  the  area  of  operating 

wells • 

7)  Only  those  who  have  taken  a  sdfety  course  are  allowed  to  work 
in  this  field. 
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8)  Men  who  service  the  burners  and  conveyers  of  fuel  and  air 
(compressors,  air  turboblowers,  gas  blowers,  etc.)  should  have  proper 
certificates  of  training. 

9)  Proper  ventilation  should  be  installed  in  closed  working 
quarters  and  in  deep  and  harrow  pits. 'i 

10)  Fuel  tanks  should  not  be  placed  closer  than  5  m  to  operating 

wells. 

Upon  termination  of  thermal  operations,  the  work  is  accepted  by 
a  special  commission  which  draws  up  an  act  of  acceptance.  The  accept¬ 
ance  procedure  is  as  follows:  :c  . 

1)  a  spot  check  of  the  results  (the  number,  dimensions >  and 
arrangement  of  wells); 

2)  work  records  are  checked,  with  particular  attention  paid  to 

the  well  pressure,  the  air  and  fuel  expenditure,  the  firing  time  for 
each,  well,  and  the  absence  of  well  wall  fusing;  ‘  • 

3)  .actual  inspection  of  the  dug-out  consolidated  zone  in  control 
wells,  with  its  depth  and. diameter  measured;  ' 

.  U)  inspection  of  the  laboratory  test  data  on  settling  arid  shear 
of  specimens  from  the  consolidated  ground  of  experimental  locations. 

The  accepting  commission  may  request  a  probing  with  the  test  rod 
and  an  opening  of  the  upper  part  of  a  doubtful  well  in  checking  actual 
dimensions  of  its  fired  zone. 

If  these  dimensions  are  not  as  specified,  an  additional  firing 
of  defective  wells  is  done,  or  else  new  wells  are  drilled  and  fired. 

The  time  and  conditions  of  additional  work  are  specified  by  the 
commission.  ; 

After  the  act  of  acceptance  has  been  signed,  the  wells  are  filled 
with  earth,  which  is  then  tamped  down  tightly. 

Any  settling  of  foundations  and  buildings  erected  on  grounds  so 
reinforced  should  be  observed,  both  during  and  after  the  construction.. 
For  this  purpose,  temporary  bench  marks  should  be  fitted  into  the 
foundations,  above  ground,  and  tied  in  to  permanent  bench  marks .  ;  During 
and  after  the  construction,  these  local  bench  marks,  should  be  surveyed 
regularly  to  check  their  elevations,  „ 


CAPTIONS  TO  ILLUSTRATIONS 

subject^  settling^aty°theCfirst^method?nia^  C?*oUdatio*  '.^.Wiids. 

with  coil ;  --  ^preliminary 5  air  heatinS  unit  (sh  --  furnace 
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mal  consolidation  S’i’S  6)  injection  nell;  7)  ther- 
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1)  c«™,^e * S*X‘ i (liquid  fuel  model).5  . 

5)  fuel  pipe  line;  6)  pump  iniectin^fn  J  •1+qUid,fuel  tank»  W  filter; 
»ellS  10)  thermal 
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2)  fuel  tube\rith  excess  air  to  regulate  the  well  temperature); 

of  burner;  5) midd^”^,3^^"^  a  needle;  W  body 

8)  nozzle;  9)  diffuser.  ■  '  inner  tublng*  7)  the  jet  shut-off  valve; 

1) §bodyPof ^uriiJ ; “^inside  gar^bw.8??  fUelnin  an  inJection  well. 

shut-off  device;  5)  diffuser*  6)  ig+S  re£ulat°r;  li)  burner 

7)  tube  with  a  iipple  to  co^ev  eas  ^  f  g?ate  «as  fl°»S 

»ith  nipple;  J)  valve  „ith  a  pLot  „he2  to  c£S3' ‘S.'1'  tUbe 
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l)Bcombustion  chamber;  l)”heatftoe20t-“ith.ar00mbusHon  °‘hambeI' 
additional  air  to  uSr  mrt  knifing;  3)  tubing  to  convey 

5)  pressure  gauge; ^f10"  cta,11’er»  '•J  j6<~*>umers; 

8)  fastening  of  metal  lid?  9)  tubing  for5?"86  eJboMS  116131  lid; 
part  of  combustion  chamber;  1(0  vedgef for  flew  eXtcfss.air  to 
anchor  blots;  12)  ceramic  fnnnii.  «?  fu  fastenin§  the  burner;  11) 

net  of  6-mm  thick  steel  (total  weieht^?  iTr^M  chamber;  13)  fitting 

brick  rubble;  15)  hollow  ringwith^slit^  §’  ^  concrete  with  red 

gas  fuel.  **  Air"tight  shut-off  aevice  with  a  combustion  chamber  for 

gauge;  1*)° heatCinsulatLgistSin^  5)^  3  §-Ugf  elb°W;  3)  Pressure 
combustion  chamber;  6,  fitting  net)  ?} 


-  26  - 


8)  anchor  bolts $  9)'  body  of  combustion  chamber;  10)  concrete  with  brick 
rubble . 

Fig  8,  p  l£:  General  view  of  a  refractory  'combustion  chamber  with  a  ■■ 
fixed  metal  lid  .  .  ’ . ' .  e: 

l)  opening  for  the  burner;  2)  peephole;  3)  stands  for 'fastening  the-, 
burner  with  wedges;  U)  excess  air  tubing;  5)  metal  lid  of  the  shut-off; 
6)  ceramic  funnels  of  the  combustion  chamber.  ...  ;.„ 

Fig  9,  p  16:  Cast  iron  shut-off  device 

1)  ceramic  funnel  —  lower  element  of  the  combustion  chamber;  2)  choke; 
3)  body  of  shut-off  device;  U)  stands  for  fastening  the  burner  with 
wedges;  5)  burner;  6)  pressure  gage;  7)  peephole;  8)  shut-off  lid; 

9)  excess  air  pipe  line. 

Fig  10,  p  17:  Pumping  unit  for  simultaneous  servicing  with  fuel  of 
12-11;  wells  and  more.  ;  ••  r; 

1)  switch:  2)  pressure  regulator;  3)  gear  pump  (5  liters/min  or  0.3 
m^/hr);  U)  fuel  meter;  5 )  electromotor  (0.27  kwt);  6)  base  consisting 
of  two  coupled  tanks;  7)  pressure  gauge;  8)  stop-cocks  with  nipples  for 
burner  hoses. 

Fig  11,  p  18:  General  view  of  a  pumping  unit  servicing  simultaneously 
12-lU  injection  wells,  and  more. 

Fig  12,  p  19:  Diagram  of  fuel  distribution  to, burners  by  compressed  air 
l)  compressor;  2)  tank  with  capacity  of  2-3  tons  /metric/ ;  3)  installa¬ 
tion  for  conveying  fuel  by  compressed  air;  U)  distributor;  3)  well 
burners . 

Fig  13,  p  20:  Installation  for  conveying  compressed  air  and  gas 
1)  electromotor-  A-6l  (N  *  li;  kwt;  n  *  1U50  r.p.m);  2)  gas  collector; 

3)  RMK-2  water-ring  pump  (Q  ■=  2.83  m3/min);  h)  reservoir-frame. 

Fig  lU,  p  22:  General  view  of  a  gas  collector 

Fig  13,  p  22:  General  view  of  an  air  collector 

Fig  16,  p  23:  Air  and  gas  meter 

l)  nipples  to  connect  differential  gauge;  2)  connecting  rubber  tubes; 

3)  diaphragm 

Fig  17,  p  21;:  Coring  device  for  sampling  thermally  consolidated  grounds 
1)  electrodrill;  2)  cutting  head;  3)  thermally  consolidated  ground; 

U)  cylindrical  disc. 

Fig  18,  p  26:  Plan  of  the  thermal  consolidation  work  for  ground  under 

a  five  story  apartment  house  , 

a)  a  four-cycle  work  schedule  (cycle  I  —  wells  Nos.  1-17;  cycle  II  — 


Nos  18-31;;  cycle  III  —  Mo  35-itl-  cvele  tir  _  >,ru  So  W\ .  ,  \  . 

»ort  schedule  (cycle  I  -  No  I-3I.  ^leil  J Isflsff' b)  3  t»°-^ 

vertical^Tjell  DiStribut*on  <*  themally  Consolidated  zones  about  a 
hiaf^ssi^?'0-5  8tm  PreSS"e  toctW-'wn*-,  b)  with  the  pressure 


Fig  20,  p  32 


—  compressed  air  pipeline 
"  “  fuel  pipeline 


liquid^e^  C°nneCtl0n  dia§ram  in  3  sijnultaneous  firing  of  17  wells  with 

K  variant  standless  distributor  hose): 

1)  compressor;  2)  compressed  air  receiver;  3)  storage  tank  fnr-  i 

oil;  k)  working  fuel  tanks-  storage  tank  for  solar 

leess°nLVehant  toh  iSrUal  3abstitation  °f  metal  pipes  for  standi  ' 

2)  osnrsilsri)  x>:m,3)s^e 

^lfiellsf1  Ihe  e<JUil»Bnt  connection  diagram  in  a  simultaneous  firing 
1)  compressor;  2)  pipeline  for  compressed  cold  air-  3)  ^ 

SnkJ“?)  SL  °°DWin8  fUel  ‘°  "8lls*  5>  ^’Pipeline" ir^i 


Fig  22,  p  31;: 


Symbols 

_compressed  air  pipeline 
fuel  pipeline 


ShWlKr"^"  diagra"  iD  8  simultaneous  firing  of  15-17  wells, 

ifSP’ r  •partial 

is  5r^i 


Fig  23,  p  35: 


Symbols 

air  pipeline 
fuel  pipeline 


Stehe£PSLCOnneCtlC,n  diaBra"  ln  1118  eimultaneous  firing  of  „  „.Us 
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а)  plan:  b)  coupling  detail*  1}  air  blower;  2)  gas  pipeline;  3)  gas 
collector;  h)  air  pipeline:  5)  airtight  shut-off  with  combustion  chamber; 

б)  air  collector  (receiver);  7)  jet  burner;  8)  air  hose;  9)  T-joint. 

Fig  2h,  p  36:  The  equipment  connection  diagram  in  the  simultaneous 

firing  of  12  wells  with  coke  gas  . 

1)  air  collector;  2)  portable  compressors;  3)  drainage;  U)  gas  blower; 

5)  gas  pipeline;  6)  water  pipeline;  7)  gas  collector. 

Fig  25,  p  hO:  Firing-up  of  a  well  with  liquid  fuel 

1)  burner  during  the  firing-up  period;  2)  heater;  3)  shut-off;  U)  rage- 
(hemp  fiber). 

Fig  26,  p  U2:  Firing-up  of  wells  with  coke  gas  _ 

l)  burner  during  the  firing-up  period;  2)  temporary  fastening  of  burner 

with  wire;  3)  gap  10-15  mm;  U)  shut-off 

Fig  27,  p  UU:  Connection  of  diaphragm  and  differential  gauge 
a)  in  measuring  the  gas  consumption:  l)  gas  blower;  2)  diaphragm; 

3)  U-shaped  differential  gauge;  U)  burner;  5)  shut-off 


A 
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Appendix  1 


EXAMPLE  OF  CALCULATION  OF  THE  AMOUNT  OF  FUEL 
NECESSARY  IN  FIRING  OF  A  12  a  DEEP  WELL  TO  OBTAIN 
A  CONSOLIDATED  GROUND  ZONE,  DIAMETER  2a 


Initial  data 

(tons,  ■when  given,  mean  metric  tons) 


7f  Dz 

3»lU  X  ?r 

Volume  of  consolidated  block 

f  » 

““ TT 

n  » _ 

A 

_T_ 

X  12  - 

37.6  m3. 

Volume  of  weight  of  ground 

«  .  1 

.8  tona/m?; 

Humidity  of  ground 

w  * 

12  *5$ 

4 

> 

Weight  of  1  m3  dry  ground 

pi 

ast 

-VTT+ 

A 

0,01  w 

SK 

_ 3-jl-8  _  *  1.6  tons; 

-  1  +  0,01  X  12,? 


Weight  of  water  in  ground 
pores 


P2 


W  A 


100  ♦  w 

12.5  X  1,8 

in 23” 


®  0.2  tons; 


Initial  temperature  of  ground  tp  *  0°C? 


Average  ground  temperature,  in 
firing 

Heating  capacity  of  solar  oil 


t2  -  700°C; 

Gs  »  10,000  kg.cai/kg; 


H 


K  coke  gas 


Q_  “  U,500  kg. ca 1/kg; 

& 


Hast  capacity  of  dry  ground 


»  0.2  kg. cal; 
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* 


A 


Heat  capacity  of  water 

Latent  heat  of  vaporization 

Fuel  expenditure  in  heating  1  nt3 
of  dry  ground  to  TOO°G 


Same  for  water,, to  the  boiling 
point,  in  1  a'  of  ground 


\ 

Total  heat  expended  for  Isr 
of  groasd 


C2  *  1*0  kg, calj 
Cv  •  51*0  kg. calj 

S-j  *  F-jC^  (tg  ~  t^)  *  1^00  X  0,2 

I  700  -  221*000  kg.e&lj 

S2  *  Pg  $ 2.  '1D0  “  V  +  * 

200  ^L,0  (100  -  0)  +  53i07  *  128000 

kg. cals 

St  *  Sx  ♦  S2  "  221*000  +  128000 
*  352,000  kg. cal | 


Expenditure  of  solar  oil 

In  firing  of  1  a3  of  ground  St  :  Qg  “  352,000  s  10,000 


35.2 

kgs 


For  the  total  volume  of  37.6  m  35.2  x  37*6  ■  1323  kgs 
of  consolidated  block 

With  O.U  kg  solar  oil  expended  per  one  running  meter  of  a 
well,  per  hour,  the  daily  consumption  will  be: 

O.U  x  12  x  2U  *  115.2  kg 
The  duration  of  firing  of  a  single  well  is: 

1323  :  115.2  «  11.5  days 

Expenditure  of  coke  gas 

In  firing  of  1  m3  of  ground  St  :  Qg  -  352,000  :  U500  -  78.2  a3.  ( 

,  j 

For, the  total  volume  of  37.6  78.2  x  37.6  *  29UO  aJs 

of  consolidated  hitch 

i 

1 

With  1,0  re3  coke  gas  expended  for  one  running  meter  of  a  well,  per 
hour,  fee  daily  consumption  will  be  1  x  12  x  21*  -  288  a  . 
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the  duration  of  firing  of  a  single  well  iss 

29iiO  s  288  «  10.5  days. 

Notes  The  fuel  consumption  per  unit  of  time  and  one  running  meter 
of  the  well  is  corrected,  depending  on  the  gas  permeability 
and  fusing  point  of  the  ground. 


* 


FesanNo  1 


Location 


Appendix  II 
Register  No 

THERMAL  PROCESSING  OF  WELLS 


Well  No 

Well-head  elevation 

Diameter 

Depth 

Day  and  hour  of  the  start  of  firing 
Day  and  hour  of  the  end  of  firing 
Firing  time  (in  hours) 

Mam®  and  description  of  fuel 
Fuel  consumption  (in  kg  or  m3) 


Pressure  in  kg/ 
cra^  or  atm.  • 


Fuel  consumption 
fro®  control  and  mea¬ 
surement  data  in  kg 
or  vr. 


* 

to 

c 
u  o 

€>  *W 

13 

ii 


8  9  10  11  12 
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